parameters. Eight of the clusters are located in the first galactic quadrant and 2 are in the second. This is the first optical photometry for 8 clusters. All of them are embedded in rich galactic fields and have large reddening towards them (E(B−V) = 1.0 -2.3 mag). There is a possibility that some of these difficult-to-study clusters may be asterisms rather than physical systems, but assuming they are physical clusters, we find that 8 of them are located beyond 2 kpc, and 6 clusters (60% of the sample) are located well above or below the Galactic plane. Seven clusters have ages 500 Myr or less and the other 3 are 1 Gyr or more in age. This sample of clusters has increased the optical photometry of clusters in the second half of the first galactic quadrant, beyond 2 kpc, from 10 to 15. NGC 6846 is found to be one of the most distant clusters in this region of the Galaxy.
INTRODUCTION
Open star clusters are important constituents of our Galactic disk. They are potential tracers of the structure, star formation history and the chemical evolution of the disk. One of the recent such attempts to increase the cluster sample in the first half of the second galactic quadrant (Subramaniam & Bhatt 2007) found an outward extension of the Perseus arm consisting of clusters older than 100 Myr. They also found a mild warp in the Galactic disk, beyond 2 kpc. An earlier study to identify northern candidate old open clusters in this region was done by Carraro et al. (2006) . and Berkeley 9. These clusters are embedded in rich Galactic fields so little is known about them; this is the first optical CCD photometric study for eight of the clusters. Berkeley 43 was studied by Hasegawa et al. (2008) and Berkeley 9 was studied by Maciejewski & Niedzielski (2007) . Seven of our Berkeley candidates (except Berkeley 9) are in common with the study by Tadross (2008) , using near infared JHK 2MASS data. Moffat & Vogt (1973) obtained UBV photographic data of stars in the field of Tombaugh 4, but they could not estimate any of the parameters since the photometry was not deep enough. Table 1 lists the coordinates of the clusters in the present study.
The plan of the paper is as follows. Sect. 2 describes the observation strategy and reduction technique. Sect. 3 deals with the radial density profile and the cluster size. The results for the 10 clusters are presented in section 4, followed by discussion in section 5.
OBSERVATIONS AND DATA REDUCTION
We obtained our observations with the HFOSC instrument at the 2-m Himalayan Chandra Telescope (HCT), located at Hanle, IAO and operated by Indian Institute of Astrophysics. Details of the telescope and the instrument are available at the institute's homepage (http://www.iiap.res.in/). The CCD used for imaging is a 2 k × 4 k CCD, where the central 2 k × 2 k pixels are used for imaging. The pixel size is 15 µ with an image scale of 0.297 arcsec/pixel. The total area observed is approximately 10 × 10 arcmin 2 . Table 2 is a log of our observations.
We reduced the data with the IRAF † packages CCDRED, DAOPHOT, ALLSTAR and PHOTCAL using the point spread function (PSF) method (Stetson 1987) .
The nights were photometric and we used Landolt (1992) standard field SA110 for calibration images at different air-masses during the night to put the photometry onto the standard system.
The calibration equations are of the form:
where BV I are standard magnitudes, bvi are the instrumental ones and X is the airmass; all the coefficient values are reported in Table 3 . The standard stars in these fields provide a very good color coverage (0.1
We derived aperture correction from a sample of bright stars and applied them to the photometry. We found aperture corrections of 0.27, 0.29 and 0.20 mag in B,V and I, respectively. Figure 1 . The observed region of Berkeley 43. We considered stars within the circle of radius of 2.5 arcmin as shown to be within the effective radius of the cluster. Figure 2 . The observed region of Berkeley 45. We considered stars within a radius of 1.5 arcmin as shown to be within the effective radius of the cluster.
CLUSTER RADII
To identify the most likely cluster members and minimize field star contamination, we derived cluster radii from radial density profiles (RDP) using star counts. We counted stars in circular annuli of 0.5 arcmin wide around the cluster centers, limiting our counts to stars brighter Figure 3 . The observed region of Berkeley 47. We considered stars within a radius of 2.0 arcmin as shown to be within the effective radius of the cluster. Figure 4 . The observed region of NGC 6846. We considered stars within a radius of 1.5 arcmin as shown to be within the effective radius of the cluster.
than V=20 mag. The stellar density profiles are shown in figure 11 . We visually fitted the RDP with the function ρ(
, where R 0 is the radius at which the density ρ(R) becomes half of the central density, f 0 . The estimated half-power radii based on fits to the profiles are tabulated in Table 4 . Figure 5. The observed region of Berkeley 49. We considered stars within a radius of 1.5 arcmin as shown to be within the effective radius of the cluster. Figure 7. The observed region of Berkeley 89. We considered stars within a radius of 1.0 arcmin as shown to be within the effective radius of the cluster. the R 0 values to get estimated effective radii. The effective radii are shown in parentheses in Table 4 , and the circles in figures 1 -10 are drawn with these radii. Figure 9 . The observed region of Tombaugh 4. We considered stars within a radius of 2.5 arcmin as shown to be within the effective radius of the cluster. these clusters are sparse and embedded in rich galactic fields, our conservative choice of the cluster radii maximizes the contrast between the cluster and the field population.
We compared the cluster CMDs with the Girardi et al.(2000) isochrones to estimate the cluster reddenings, distances and ages. Without independent information about a cluster's reddening and distance, it is not possible to make an unambiguous determination of the appropriate age and metallicity isochrone to fit to the cluster. Instead, we have made a visual determination of the most likely isochrone, or range of isochrones, that appears to match the cluster. The estimated isochrone parameters are tabulated in Table 4 , and the best fit of the selected isochrones to the individual cluster CMDs (V vs (B−V)) are shown in figure 22 and figure 23 (V vs (V−I)). The parameters estimated by Tadross (2008) for the common clusters are tablulated in Table 5 , for comparison.
Berkeley 43: The cluster is located near the north side of the observed region (Figure 1 ).
The stars in the cluster are distributed in two concentrations in the north-south direction. A deficiency of stars on the south-eastern side of the cluster is probably due to the presence of greater extinction, so the cluster may be located near a dark cloud. This is supported by the high reddening we estimate towards this cluster (Table 4 ). The colour-magnitude diagrams (CMD) of likely cluster stars and stars located beyond a radius of 3.5 arcmin (assumed to be field stars) are shown in figure 12 . The cluster sequence is distinctly identifiable, when age of 1.4 Gyr. We find a much younger age for this cluster. The cluster properties estimated by Tadross (2008) , using 2MASS data match broadly with our estimates.
Berkeley 45: The cluster is located in a fairly rich galactic field (figure 2), visible as a marginal enhancement in the density from the field; it could be a chance asterism. Nevertheless, the presence of the cluster is clearly seen in the radial density profile ( figure   11 ). A decrease in the star density toward the north-west suggests variable extinction in the field. This is a sparse cluster and the cluster and field CMDs are not very different, so it is difficult to identify the MS in the CMD ( figure 13 ). The only clear difference is the narrow MS with a distinct cut-off/turn-off at the bright end. Therefore, we consider this as a true cluster. The CMD of the cluster region is well-matched by the isochrones suggesting a young (log(age)=8.5-8.6), cluster, located at an approximate distance of 2350 pc with considerable reddening (E(B−V) = 1.4 mag). In an earlier study, Tadross Figure 21 . The V vs (B−V) CMDs of the cluster Berkeley 9 (left) and field region (right). We assumed that stars located beyond a radius of 3.5 arcmin are field population 2.3 kpc and an age of 600 Myr, using 2MASS data. Our estimate of the distance is within errors, but we estimate a marginally younger age for the cluster.
Berkeley 47: This cluster is located close to Berkeley 45, in the first quadrant. It is a rather poor cluster, but it stands out from the somewhat sparse field (figure 3). Although the radial density profile clearly shows the presence of the cluster, it may also be an asterism.
There is a decrease in the number of field stars on the north-west and south-east sides of the cluster, suggesting that the cluster may be located between two dark clouds. The cluster CMD has a well defined MS, when compared to the field CMD ( figure 14) . There are no giants present in the CMD and the cluster parameters are estimated based on the MS and its turn-off. The isochrone fit to the cluster CMD shows a poor match to the lower MS, possibly because of field star contamination. Another possibility is differential reddening, which could be present across the face of the cluster. The fainter stars are located away from the cluster center (figure 3) and hence may be more reddened. Since this is a poor cluster, it is difficult to attribute the poor fit to any model limitations or to arrive at any definite possibility for the observed deviation.
We find Berkeley 47 to be a moderately young (log(age) = 8.6-8.7) cluster, located at ∼
kpc with large reddening (E(B−V) = 1.5 mag) .
NGC 6846 This is a compact and distant cluster embedded in a rich galactic field, including a number of bright foreground stars. The region towards the south of the cluster has relatively lower field star density, indicating variable interstellar extinction. The cluster and the field CMDs (figure 15) are rather different from one another. There are a few red giants in the cluster CMD, some of which may be members. The most likely isochrone fit to the cluster suggests that it is moderately young (log(age) = 8.6-8.7), located about 5.1 kpc away, with substantial reddening (E(B−V) = 1.05 mag). This cluster is located well above the galactic plane (Z ∼ 170 pc). This cluster is most distant cluster in the first quadrant, more distant than IC 1311, an older cluster located at about 4.0 kpc (Delgado et al. 1994 ).
The stars in NGC 6846 are potential targets to study the abundances of the Galactic disk in these regions.
Berkeley 49 This cluster is also in a rich galactic field and does not stand out from the field, especially because of its clumpy nature. It can be seen from figure 5 , that there is a gap with fewer stars located towards the north-west of the cluster. Like several of the other clusters, this one is located in a region of variable extinction. This is supported by the high reddening estimated for the cluster (E(B−V) = 1.35 mag). The radial density profile suggests a dense core and a very small radius for the cluster. The cluster CMD shows a narrow MS when compared to the field CMD (figure 16), even though the field and the cluster CMDs do not look very different. There is a possibility that this cluster is a chance grouping of stars.
The isochrone fits to the cluster CMD suggests that Berkeley 49 is a young cluster (log(age) = 8.35-8.5), located about 2.3 kpc away. In a previous study, Tadross (2008) estimated a distance of 2.0 kpc and an age of 160 Myr, using 2MASS data, which are similar to the present estimates.
Berkeley 51 This cluster is located close to Berkeley 49 in the galactic mid plane. It is rich and compact, but like several others in this sample it is located in a clumpy galactic field. Adjoining regions towards the north-west and south show fewer field stars, indicating variable extinction. The cluster is easily identified in the field due to its high density. The radial density profile shows that the cluster has a dense core and and a small radius. The cluster and the field CMDs are shown in figure 17 . The cluster CMD is very different from the field CMD. The short and faint MS shows an older cluster embedded in a galactic field rich in younger stars. The best isochrone comparison to the cluster CMD confirms that Berkeley 51 is probably a moderately old cluster (log(age) = 9.0 -9.05), located at a distance of 1.3 kpc, with large reddening (E(B−V) = 1.6 mag). In a previous study, Tadross (2008) estimated a distance of 3.2 kpc and an age of 150 Myr, using 2MASS data. This does not agree with the present estimations. Since it is a cluster of faint stars located in a rich and bright galactic field, it is very likely that the parameters estimated by Tadross (2008) refer to the majority of field stars and not the faint cluster members.
Berkeley 89 This cluster is located at a somewhat higher galactic latitude than the other clusters. It is relatively poor (figure 7) located in a rich galactic field, and only marginally distinct from the field. This cluster may also be an asterism. Nevertheless, a cluster sequence is clearly visible, when compared to the field CMD (figure 18), and the radial density profile shows a cluster although without a dense core, gradually merging with the field population.
The best-matching isochrone indicates that the cluster is similar in age to Berkeley 51 with log(age) = 9.0-9.05. Berkeley 89 is located at a distance of 2.0 kpc, with a reddening of E(B−V) = 1.05 mag. In his previous study Tadross (2008) estimated a distance of 3.0 kpc and an age of ∼ 1 Gyr, using 2MASS data. The cluster is dynamically relaxed and mass segregation is likely to be present. This leads to the spatial separation of low mass stars in the outer regions and high mass stars near the cluster center. Since we have considered a radius which is not much larger than the core radius, we probably do not sample enough low mass stars to populate the lower MS.
Berkeley 91
The cluster is a relatively poor cluster with relatively faint stars in a rich field. The radial density profile shows that this is a sparse but small cluster. It may not be a real cluster. In order to identify the cluster sequence clearly, we used the core radius of the cluster to identify cluster stars. The cluster CMD shows a well defined MS, a short sub-giant branch and a red giant branch ( figure 19 ). If it is real, it is clearly the oldest of the sample studied here. The cluster sequence is also very different than the field CMD. The cluster CMD is well-matched to old cluster isochrones (log(age) = 9.15 -9.35), yielding a distance of 4.1 kpc.
Tombaugh 4 This is a fairly rich, compact cluster with several bright stars (figure 9).
The radial density profile shows that the cluster has a dense core. The field is clumpy with an uneven distribution of stars. The cluster CMD has a narrow and well defined MS, when compared to the field CMD (figure 20). The cluster MS has a sharp turn-off. and a few red giants may be cluster members. The isochrone fits suggest that Tombaugh 4 is a moderately young cluster (log(age) = 8.6-8.7), located at a distance of 3.85 kpc.
Berkeley 9 This is an irregular cluster located in a somewhat sparse galactic field. It appears only as a mild density enhancement in the field. The cluster MS is found to be well defined (figure 21), even though there is not much of difference between the cluster and the field CMD. The isochrone fit suggests that the cluster is young, (log(age) ∼ 7. 8 -8.0) and located at a distance of 2.3 kpc. This is the only cluster in our sample, about 100 Myr old and located below the galactic plane (Z = −113 pc). Maciejewski & Niedzielski (2007) studied Be 9 and found the cluster to be very old (log (age) = 9.6), with E(B−V) = 0.76 and DM = 12.03. They identify a much fainter turn-off for the cluster. We find a good number of bright MS stars, above the turn-off identified by Maciejewski and Niedzielski and hence we estimate a much younger age for this cluster. This is also supported by the V vs (V−I) CMD. located in the first galactic quadrant, 5 of them beyond a distance of 2 kpc. There are 10 previously-studied clusters located between l = 45 − 90 o , and farther than 2 kpc. This study adds another 5 (Dias et al. 2002) .
A plot with the previously known clusters and the clusters studied here (asterisk) is shown in figure 24 . The only cluster studied previously using CCD photometry in the range l = 45 − 57 o , is Berkeley 44 from our previous study, Carraro et al. (2006) . In the present study we have filled this gap with 3 more clusters. NGC 6846 is at at larger distance than IC 1311, (about 4 kpc away, Delgado, et al, 1994) previously the most distant cluster known in this general direction. Because of its distance and age, NGC 6846 is a potential candidate to study the properties of the young galactic disk in the first quadrant. Figure 24. Clusters studied so far using UBV CCD photometry in the second galactic are shown as dots. Clusters studied in this paper as shown as asterisks.
Most of the clusters studied here are embedded in rich galactic fields and have large reddening towards them (E(B−V) = 1.0 -2.3 mag). They are also all rather sparsely populated clusters. Thus these clusters are difficult to study, and in spite of the appearance of the cluster CMDs and the radial density plots, there is a real possibility that some of them are simply asterisms of random, unrelated stars superposed on the galactic background.
Without proper motions or spectroscopy, it is not possible to ascertain which of them might be accidental stellar configurations. Future studies of these clusters should note that some of them may not be real clusters. If some are found to be asterisms, then their contribution to the understanding of the galactic structure, as discussed in this paper, are not valid.
Assuming they are all real our best estimates are that 6 of the clusters are likely to have ages less than 500 Myr and three more may be as old as or older than 1 Gyr. For comparison, Tadross (2008) estimated parameters of 7 clusters in common with this study using 2MASS data. The estimated parameters broadly match for Berkeley 43, Berkeley 45, Berkeley 49
and Berkeley 89. The mismatch in the estimated parameters are probably a consequence of the fact that they are located in rich galactic fields. The parameters estimated by Hasegawa et al. (2008) for Berkeley 43 match well, except that we find a much younger age for the cluster.
The clusters studied here could be used to trace the structure of the disk, especially in the second half of the first quadrant. An interesting result is that the 3 clusters at l=70-80 are above the plane, as expected from our knowledge of the warp, which is found above the plane in the first quadrant and below in the third both in optical (Momany et al. 2006 ) and in HI (Levine et al. 2006 ).
Tombaugh 4 is a moderately young cluster located in the second quadrant. Subramaniam & Bhatt (2007) found an extension of the Perseus arm. This cluster appears to be part of this extension.
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